'R enovation' PI 680615) , is a largeleaved, synthetic white clover (Trifolium repens f. hollandicum Erith ex Jav. & Soo) cultivar derived after hybridizing individual plants from a persistent, naturalized ecotype population collected in Oklahoma with those from the 'Regal', 'Patriot', 'Tillman', and 'SRVR' cultivars. It was jointly developed and tested under the experimental designation NFWC04-49, and released in 2016, by The Samuel Roberts Noble Foundation (NF), Ardmore, OK, and the University of Georgia Research Foundation (UGARF), Athens, GA.
Botanically, there are three distinct, true breeding polymorphic forms of white clover based mainly on leaf size: the smallleaved wild-type, T. repens L. f. repens L., the intermediate-leaved common type, T. repens f. hollandicum Erith ex Jav. & Soo, and the large-leaved ladino type, T. repens var. giganteum Lagr-Foss (Fick and Luckow, 1991) . In addition, ladino types are distinguished from the other two by being almost exclusively acyanogenic (i.e., containing none or very few plants that are capable of producing cyanogenic acid) (Corkill 1940) . On average, plants from ladino populations are also taller and higher yielding than wild or intermediate types. Stolon and seedhead numbers are higher in the intermediate types, which usually leads to better spreading ability per individual plant and better persistence in pastures via more stolon survival and better reseeding ability due to higher seedhead numbers (Bouton et al., 2005c) .
The commercial seed market targets white clover cultivars for livestock pasture renovation and wildlife feed plots in the southeastern United States. Traditionally, ladino cultivars have dominated this market mainly because of their upright growth and high yield. But ladinos are not persistent, demonstrating only short-term perenniality, and in some cases, persistent for only one season (Bouton et al., 2005c; Matches 1989) . This lack of persistence exhibited by ladino types led to the development of 'Durana', a persistent, ecotype, intermediate type white clover cultivar via a joint UGARF partnership with AgResearch Grasslands, New Zealand (Bouton et al., 2005a) . Another cultivar developed by this joint breeding program was Patriot, a ladino × intermediate ecotype population hybrid (Bouton et al., 2005b) . Durana is now a widely used cultivar for the intermediate market and is sold for use as a renovation legume for low maintenance, heavily grazed grass pastures due to its ease of establishment and superior long-term persistence under those conditions. Patriot is classified as an intermediate white clover but is sold in both the intermediate and ladino seed markets as a large-leaved type.
On the basis of its morphological characteristics and its agronomic and animal performance, Renovation should be able to be commercialized and used in both the intermediate and ladino seed markets, much like Patriot is today.
Methods

Selection and Breeding
Renovation was derived after hybridizing (i.e., population crosses) a persistent, naturalized ecotype population collected in Oklahoma with the Regal, Patriot, Tillman, and SRVR ladino cultivars. Seeds of the parental ecotype population were collected near Ardmore, OK, based on the population's survival under bermudagrass (Cynodon dactylon L.) competition, close mowing, summer drought, and heat stress. This population was found to contain exclusively intermediate type white clovers (T. repens f. hollandicum) based on cyanogenesis (Corkill 1940) and was identified as NFWC02-70. After producing full-sib families from hand crosses of approximately 30 random individuals in each population cross (NFWC02-70 × Regal, NFWC02-70 × Patriot, NFWC02-70 × Tillman, and NFWC02-70 × SRVR), 35 random genotypes from each population cross were intermated in a field isolation near Athens, GA, and seed bulked to produce the Syn-1 seed of NFWC04-49. The Syn-2 generation was then produced in isolation in Oklahoma from the Syn-1 seed; this generation is now designated as pre-breeder seed and is stored for the lifetime of the cultivar at NF. Syn-3 seed was produced from Syn-2 pre-breeder seed in Oregon in 2014 and is now designated as breeder seed. The resulting population is therefore estimated to contain 50% OK ecotype population NFWC02-70 and 12.5% each of the Regal, Patriot, Tillman, and SRVR cultivars.
NFWC04-49 was jointly released by UGARF and NF in 2016 and named 'Renovation' for commercial production and sales.
Evaluation
Morphological data were collected on individual plants (150) from the cultivars Durana, Patriot, Regal, and Renovation white clover that were established at two locations: the University of Georgia Plant Sciences Farm near Watkinsville, GA, and the NF Farm, Ardmore, OK. The experimental design at each location was a randomized complete block design with 10 blocks. Each plot of each entry within each block consisted of a row of 15 plants spaced planted on 0.75-m centers. Each plant was then measured for the following characteristics: number of stolon growing points, stolon thickness, leaflet length and width, petiole length, plant height, seedheads per plant, and cyanogenesis via the picric acid procedure of Corkill (1940) .
Stand survival was assessed in separate trials at two locations: the CAES Central Georgia Branch Station near Eatonton, GA, and the Oklahoma State University Station near Haskell, OK. Trials were established as replicated small plots into existing tall fescue [Festuca arundinacea (Schreb.) S.J. Darbyshire] paddocks at both locations. Experimental design, plot establishment and management procedures, and data collection were identical as described previously (Bouton et al., 2005c) . Renovation was also entered into the University of Kentucky white clover grazing tolerance trials as established on 13 Sept. 2011 near Lexington, KY; data from that trial were reported by Olson et al. (2014) .
Dry matter yield was assessed in small plot, performance trials at the University of Georgia Plant Sciences Farm near Watkinsville using the aforementioned experimental design, establishment and management procedures, and data collection previously described (Bouton et al., 2005c) . Renovation was also entered into the University of Tennessee yield trials and data from that trial reported in Bates et al. (2013) .
An animal trial was conducted with Renovation white clover by Dr. Bassondat Macoon, Mississippi State University, at Brown Loam Station, Raymond, MS. The study evaluated pasture and animal responses of deteriorating tall fescue pastures overseeded with Renovation or Durana white clover and a nonoverseeded control fertilized with 75 kg N ha -1 just before commencement of grazing. Overseeded paddocks were replicated twice and the control paddocks four times using a randomized complete block design. Each paddock (0.8 ha) was grazed by two Angus crossbred steers (initial body weight = 285 kg) for 56 d from mid-April to mid-June in both 2010 and 2011. Visual estimates determined white clover, tall fescue, and other species composition.
Characteristics
Morphological Characteristics
One of the main goals of the UGARF-NF breeding program was to capture into a single cultivar the larger leaf size of the ladino parents with the enhanced stolon, seedhead, and persistence characteristics of the intermediate parents via population crosses. Therefore, the following differential checks were used to define the three main cultivar types and compare botanical and agronomic characteristics of Renovation: Regal (ladino), Durana (intermediate), and Patriot (ladino × intermediate).
Renovation was found to be more like Patriot and Durana. Its leaf size (i.e., leaflet width and length and petiole length) is larger than Durana and equal to Patriot but smaller than Regal (Table 1) . Plant height and stolon characteristics (number and thickness) of Renovation are intermediate between the Regal and Durana checks and more like Patriot (Table 2) . However, Renovation exhibits the profuse flowering ability of intermediate types, as demonstrated by its seedhead number, which comparable to Durana and much higher than Regal and even Patriot (Table 2) .
Agronomic Performance
In five separate trials conducted across three state locations, Renovation demonstrated better stand survival (determined by percentage basal area) than the ladino cultivar Regal when planted into grass swards grazed by livestock (Table 3) . It was most similar in survival to Patriot, but less so when compared to Durana in some trials (Table 3) .
Renovation is equivalent in annual dry matter yield to other commercially available ladino cultivars, including 'Regalgraze' (Table 4) . Renovation has demonstrated animal performance (average daily gain) and pasture growth rate (herbage accumulation) similar to Durana when interseeded into deteriorating tall fescue stands in large paddocks (Table 5 ). Both cultivars were superior (p < 0.05) to the unplanted and nitrogen-fertilized controls for both animal performance and pasture growth rate (Table 5) . White clover composition (percentage on both a basal area and a dry matter basis) was greater in Durana and Renovation paddocks than in the unplanted and nitrogen-fertilized control paddocks, but Durana showed the highest clover composition of the two clover treatments (Table 5) .
Availability
Application for US Plant Variety Protection has been made for Renovation white clover. Seed of Renovation was deposited in the USDA-ARS National Center for Genetic Resources Preservation, where it will be available for distribution after 20 yr. It is exclusively licensed for commercial production and sales to Smith Seed Services, Halsey, OR. 
